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Background: There is a lack of standardized echocardiographic parameters to quantify ventricular function in
newborn infants. Long-axis systolic ventricular shortening is a useful parameter of global ventricular function.
Aims: Serial assessment of long-axis systolic atrioventricular annulus excursion in premature infants.
Methods: Two-centre, prospective observational study. Fifty-seven premature infants (26 girls), median (range)
gestational age 33+5 (310–34+6)weeks+days, birthweight 1925 (1127–2836) gramswere included. Echocardio-
graphic examinations were performed at the ﬁrst three days of life and at expected term.
Outcome measures: Systolic annulus excursion by grey-scale m-mode and colour tissue Doppler imaging (cTDI).
Results: A consistent longitudinal pattern was found for annulus excursion by grey-scale m-mode and cTDI. All
parameters showed a pronounced increase at expected term (p b 0.001). After normalizing for ventricular size
the increase at term was less pronounced. Results were lower by cTDI than by grey-scale m-mode for the left
and right ventricular walls (p b 0.001). Intraobserver variability (range 1.5–9.8%) was lower than interobserver
variability (5.5–18%).
Conclusions: Serial assessment of longitudinal ventricular shortening in premature infants by grey-scale m-mode
and cTDI was feasible and the measurements displayed a consistent pattern. cTDI excursion measurements were
lower andmoredependent on imagequality thanm-modemeasurements. Lower intraobserver variability suggests
that repeatedmeasurements should preferably be performed by the same observer. Annulus excursion varies with
ventricular size and we suggest normalizing measurements by ventricular size.© 2013 The Authors. Published by Elsevier Ireland Ltd. Open access under CC BY-NC-SA license.1. Introduction
Blood velocity measurements, ﬂow calculations and cardiac
chamber dimensions are established methods for evaluation of the
haemodynamic status in newborn infants [1,2]. Furthermore, visual
assessment of the heart in a complete echocardiogram can give an
overall subjective impression of the biventricular function. However,øre and Romsdal Hospital Trust,
05000; fax: +47 70167654 55.
).
land Ltd. Open access under CC BY-NCthese methods are qualitative and expert dependent. There is a lack
of standardized quantitative parameters that are easily available,
reproducible and sensitive for the evaluation of the ventricular function
in the clinical neonatal setting. Functional or targeted echocardiography
has been introduced in the neonatal intensive care units as a tool for
neonatologists to assess the haemodynamic condition and ventricular
function in infants. Guidelines and recommendations for functional
echocardiography have been published [3–5]. After initially excluding
congenital heart disease, subsequent examinations can focus on
haemodynamic assessment. Functional echocardiography performed
by the neonatologist can provide valuable non-invasive, longitudinal in-
formation on the ventricular function and the systemic and pulmonary
blood ﬂow in infants through foetal–neonatal transition and in clinical
conditions affecting the cardiovascular system.-SA license.
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whereas the apex has little movement due to tethering. Longitudinal
shortening of the left and right ventricles has been shown to be impor-
tant parameters of global ventricular function [6,7]. We have recently
shown that assessment of pulsed-wave atrioventricular annulus tissue
Doppler velocities (pwTDI) are feasible in preterm infants and are related
to gestational age, postnatal age and ventricular size [8]. Mitral annulus
plane systolic excursion (MAPSE) is used as a measure of long-axis left
ventricular systolic function [9]. Reference values for MAPSE have re-
cently been reported in children [10]. Similarly, the lateral tricuspid
annulus plane systolic excursion (TAPSE) reﬂects the global systolic
function of the right ventricle [11] and cross sectional studies providing
reference values for children and infants have been published [12,13].
Excursion or displacement of the atrioventricular plane can also be
assessed by colour Tissue Doppler imaging (cTDI) [14]. In contrast to
MAPSE and TAPSE that are measured in grey-scale m-mode, cTDI
applies phase shifts of the myocardial movement, as in colour ﬂow
mode, to derive atrioventricular annulus excursions by integrating
velocity signals. Because annulus excursion varies with ventricular
size, some authors suggest normalizing annulus excursions by ven-
tricular size to remove the need for further adjustments by variables
such as age and body size [15]. TDI is increasingly applied in adult
echocardiography but studies in children and infants are scarce and
mainly focused on pwTDI measurements. This is the ﬁrst article to
combine grey-scale and cTDI methods for investigating AV plane ex-
cursions in premature infants. Bedside repeated measurements of
AV plane excursions as measures of global ventricular function
might become a useful tool in the cardiovascular assessment of infants
in intensive care.
The aim of this study was to compare the feasibility of grey-scale
m-mode and cTDI asmodalities for evaluation of atrioventricular annulus
systolic excursion in serial assessment of the global ventricular systolic
function in premature infants.
2. Method
2.1. Setting and study population
A two-centre, prospective cohort study of premature infants born at
gestational age 310–346 weeks from the Neonatal Intensive Care Unit at
the Department of Paediatrics, Ålesund Hospital (n = 41, of 81 eligible)
and theDepartment of Neonatal Intensive Care, Oslo University Hospital,
Ullevål (n = 16, of 314 eligible) between March 2009 and December
2010 was performed. Patients were enrolled whenever investigator
and equipment was available. The upper gestational age limit coincides
with the admittance policy for premature infants in the participating de-
partments. The lower age limitwas chosen to aim for homogeneity in the
study-group since extremely premature infants to a large extent requires
mechanical ventilation and cardiovascular support. Exclusion criteria
were major congenital malformations and cardiovascular supportive
treatment. Pulsed wave tissue Doppler (pwTDI) annular plane velocities
have been reported in the majority of this population previously [8]. A
power analysis based on published estimates of variability of pulsed
wave TDI measurements [16] was performed for our previous study [8]
and was considered sufﬁcient also for this study given that cTDI mea-
surements are velocity based data. Inclusion of 48 infants would provide
a statistical power of 80% for detecting a 10% difference between days
with a p-value of 5%.
2.2. Echocardiographic examinations
BHE and DF performed transthoracic echocardiography daily
during the ﬁrst three days of life and at expected term (±14 days)
using Vivid i and Vivid S6 ultrasound devices (GE Vingmed, Horten,
Norway) with standard phase array multi-frequency transducers
(7S probe; 3.5–8 MHz and 5S probe; 2.0–5 ± 0 MHz). Structuralabnormality was excluded at the ﬁrst examination. Grey-scale and
cTDI images were recorded in the apical 4-chamber view. We used
a frame rate of approximately 155 FPS in cTDI and 52 FPS in grey-scale.
Tissue velocity range was ±16 cm/s and simultaneous good quality
ECG signal was ensured. Three to ﬁve consecutive cardiac cycles were
recorded for each view. Each result was averaged from three represent-
able measurements to minimize the effect of biological and random
variation.2.3. Off-line analyses
All images were analysed off-line by one observer (BHE) using the
manufacturer's software (EchoPac PC version 108.1.5, SW, GE Vingmed,
Horten, Norway). Atrioventricular annulus excursions were measured
from the left lateral, septal and right lateral walls in grey-scale by
m-mode tracings (Fig. 1) and in cTDI mode by applying Q-analysis
and a stationary region of interest (ROI) of 2 × 2 mm(Fig. 2). Excursion
in cTDI is obtained by integration of annulus velocities. Linear drift
compensation and 30 ms smoothing were used. Left ventricular
end-diastolic length (LVEDL) was used as an estimate of ventricular
size, and was measured in B-mode 4-chamber view from the apical
epicardium to the sepal attachment of the mitral valve. New sample
areas were deﬁned for repeatability analyses in both grey-scale and
cTDI recordings. All measurements of annulus excursion were divided
by LVEDL to neutralise the effect of heart size. Heart rate (HR) was
obtained from the mitral Doppler ﬂow signals. All variables were aver-
aged from three cardiac cycles.2.4. Statistics
Statistical analyses were performed using SPSS for Windows,
version 19.0 (SPSS Inc., Chicago, IL, USA) or JMP 9.0 (SAS Institute).
The Kolmogorov–Smirnov test of normality indicated that the use
of statistics based on normality assumptions was appropriate for
the echocardiographic variables (TAPSE, MAPSE, cTDI variables
and LVEDL). Repeated measures ANOVA with Bonferroni correction
were used to test difference in mean values between examinations for
normally distributed parameters. Depending on the data distribution,
the Pearson or Spearman's rho correlation coefﬁcients were used to
assess correlation between variables. Unpaired sample t-tests and
simple andmultivariate regression analyses were used to test the effect
of various clinical and echocardiographic parameters. Paired sample
t-testswere used to test the difference betweenmean values of grey-scale
m-mode and cTDI variables. Two sided p-values b0.05 were considered
statistically signiﬁcant.
To assess off-line inter-observermeasurement variability, experi-
enced observers (BHE, TH, EN) carried out a blinded analysis of 15
randomly selected cases from the recordings in day 3. Off-line-
intra-observer variability was evaluated by repeated measurements
several weeks apart by one observer (BHE). All annulus excursion
and cTDI variables were selected for Bland–Altman repeatability
analyses [17]. Variability between measurements was computed as
the absolute value of the difference between two measurements
expressed as the percentage of the mean of the two measurements,
and the averages over the cases are reported. The repeatability coef-
ﬁcient is deﬁned as two times the SD of the difference between the
measurements.2.5. Ethical considerations
The study was approved by the Scientiﬁc Committees in both
hospitals and by the Regional Committee for Medical and Health
Research Ethics. Written informed parental consent was obtained.
The longitudinal excursion is shown as a red arrow.
Fig. 1. Apical four-chamber view. Representative post-processedm-mode tracing of tricuspid annulus plane excursion (TAPSE). Dotted lines represent the position of the atrioventricular
annulus in systole and diastole. The longitudinal excursion is shown as a red arrow.
Lateral mitral (yellow), septal (green) and the lateral tricuspid annulus. Measurements (red
horizontal lines) are performed at the point where the aortic valve closes (AVC).
Fig. 2.Annulus excursions by post-processed colour tissue Doppler imaging (cTDI) with region of interest (ROI) 2 × 2 mm. Lateral mitral (yellow), septal (green) and the lateral tricuspid
annulus. (ROI 2 × 2 mm). Measurements (red horizontal lines) are performed at the point where the aortic valve closes (AVC).
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Table 1
Patient characteristics.
Characteristics, n = 57
Gestational age, weeks+daysa 33+5 (310–34+6)
Birth weight, gramsa 1925 (1127–2836)
Weight exp. term, gramsa 3195 (2330–4540)
Males, n (%) 31 (54)
SGA, n (%) 19 (33)
Singletons, n 35
Twins, n (pairs) 16 (8)
Triplets, n (pairs) 6 (2)
Apgar at 1 minb 7.9 (1.5)
Apgar at 5 minb 8.8 (1.0)
Caesarean section, n (%) 37 (65)
Surfactant therapy, n (%) 3 (5)
Prenatal maternal steroids, n (%) 40 (70)
SGA: small for gestational age.
a Median (range).
b Mean SD
Table 2
Respiratory support.
Day 1
(n = 57)
Day 2
(n = 57)
Day 3
(n = 53)
Term
(n = 48)
Oxygen N 21% 7 (12) 4 (7) 2 (4) 0
nCPAP 19 (33) 7 (12) 3 (5) 0
Ventilator 0 2 (4) 2 (4) 0
Data are given as number and (%) of total, nCPAP; nasal continuous positive airway pressure.
980 B.H. Eriksen et al. / Early Human Development 89 (2013) 977–9823. Results
3.1. Study population and clinical ﬁndings
Fifty-seven premature infants were included and examined daily
during the ﬁrst three days of life at median (range) postnatal age 13
(2–21), 38 (26–48) and 64 (54–72) hours, and a fourth examination
was done at the time of expected term; 40+2 (38+2–42+6) weeks+days.
Patient characteristics are shown in Table 1. One infant was excluded
after the second examination because of pericardial effusion and left
sided pneumothorax that complicated echocardiographic examination.
A set of tripletswheremoved to another hospital after the secondexam-
ination andﬁve patientswere lost to followup after discharge. The need
for respiratory support is depicted in Table 2.3.2. Echocardiographic results
General echocardiographic ﬁndings are summarized in Table 3. LVEDL
and HRwere unchanged during the ﬁrst three days, but both parameters
showed a signiﬁcant increase at expected term. The number of neonates
with an open ductus arteriosus and persistent foramen ovale (PFO)Table 3
General echocardiographic results.
Parameter Day 1 (n = 57) Day 2 (n = 5
LVEDLa (mm) 28.4 (27.3, 29.1) 28.6 (27.6, 29
HR (bpm)a 141 (137, 145) 144 (140, 148
PDA (n) 46 22
PDA diam (n)
b1.5 mm 27 14
1.5–2.0 mm 17 7
Not measureable 2 1
PFO (n) 49 37
LVEDL, left ventricular end diastolic length, HR; heart rate; PDA, patent ductus arteriosus; PFO
a Values are given as mean (95% CI).
⁎ p b 0.001.gradually declined throughout the study period. PFO's were typically
less than 3 mm in diameter and had mainly left to right shunts. None of
the infants neededmedical or surgical treatment of the ductus arteriosus.
Table 4 shows the results of annulus excursion by grey-scalem-mode
and cTDI through the ﬁrst three days of life and at expected term. Out of
1290 possible measurements of annulus excursion 9 were not measured
because of inferior image quality. Seven of these where in the cTDI im-
ages, but no more than one measure was missing for each day and atrio-
ventricular site (Table 4). A signiﬁcant increase was seen from day 1 to
day 2 for the right lateral excursion by cTDI (p = 0.024). Furthermore,
there was a pronounced increase at expected term for all parameters
(p b 0.001). The parameters were lower in cTDI mode than in grey-
scale m-mode for the left and right walls throughout the study period
(p b 0.001). In the septal wall there was no difference through the ﬁrst
three days, but mean septal excursion was higher by cTDI than by grey-
scalem-mode at expected term (p b 0.001). Generally, the image quality
was lower in the left lateral than in the septumand right lateral positions.
There was a positive correlation between the left and right grey-
scale m-mode excursions in day 1 and the number of week gestation
at birth (both rs = 0.56, p b 0.001). A similar correlationwas found be-
tween the left, septal and right cTDI parameters in day 1 (rs = 0.51,
0.57 (p b 0.001) and 0.39 (p b 0.01), respectively). A positive correla-
tion was also found between the gestational age at birth and LVEDL
(rs = 0.57, p b 0.001). No correlation (spearman rank) was found be-
tween the number of weeks at the term examination (38–42 weeks)
and LVEDL or grey-scale and cTDI excursions.
When normalizing the measurements by LVEDL the time-dependent
pattern still persisted but with a less pronounced increase at expected
term (Table 5). cTDI excursion values increased from day 3 to expected
term by 108% (left), 65% (septum) and 63% (right), whereas the normal-
ized cTDI results increased by 63%, 29% and 27%, respectively. The same
was true for grey scale m-mode measurements were these increased by
54% (MAPSE left), 47% (MAPSE septal) and 65% (TAPSE) and the normal-
ized values increased by 21%, 15% and 29%, respectively. However, only
for normalized septal MAPSE the increase at term was not signiﬁcant
from day 2 to expected term and less signiﬁcant from day 1 and day 3
to expected term (p = 0.002 and p = 0.001, respectively).
The effect of continuous nCPAP, PDA, PFO and supplemental oxygen
on atrioventricular annulus excursion at day 1 was tested for the whole
group using simple linear regression. nCPAP had a small to moderate
negative effect on both cTDI (left lateral p = 0.015) and grey-scale
excursion measurements (left lateral MAPSE p = 0.001, TAPSE
p = 0.010). No effect was found for supplemental oxygen. A negative
effect of PFO on septal MAPSE (p = 0.024) and a small positive effect
of PDA on the right cTDI measurements (p = 0.049) was found. How-
ever, when performingmultivariate analyses CPAPhad signiﬁcant effect
only on septal cTDI (p = 0.012) and left lateral MAPSE (p = 0.002)
whereas PFO and PDA showed no effect. Also, Fisher exact test showed
no signiﬁcant association between nCPAP, PDA and PFO. The presence
of nCPAP, PFO and PDA decreased rapidly through the next two days
and their effect on atrioventricular excursions was therefore not tested7) Day 3 (n = 53) Expected term (n = 48)
.2) 28.4 (27.5, 29.1) 36.2 (35.3, 37.0)⁎
) 143 (139, 147) 163 (158, 167)⁎
9 2
7 2
2 0
0 0
22 9
, patent foramen ovale, paired t-test between subsequent days.
Table 4
Atrioventricular annulus excursion by grey scale m-mode and cTDI echocardiography.
Parameter Day 1 Day 2 Day 3 Expected term
M-mode excursion (mm)
MAPSE left lateral n (57:57:52:48) 4.52 (4.28, 4.77) 4.62 (4.34, 4.88) 4.41 (4.15, 4.67) 6.78 (6.50, 7.06)**
MAPSE septum n (57:57:53:48) 3.66 (3.46, 3.85) 3.81 (3.63, 3.99) 3.54 (3.38, 3.71) 5.19 (4.93, 5.45)**
TAPSE n (56:57:53:48) 6.66 (6.26, 7.06) 7.03 (6.68, 7.38) 6.75 (6.39, 7.10) 11.11 (10.60, 11.61)**
cTDI excursion (mm)
cTDI left lateral n (56:56:53:47) 2.81 (2.54, 3.07) 2.98 (2.71, 3.26) 2.65 (2.42, 2.87) 5.50 (5.19, 5.81)**
cTDI septal n (56:57:53:47) 3.49 (3.24, 3.74) 3.79 (3.57, 4.00) 3.61 (3.41, 3.81) 5.95 (5.59, 6.31)**
cTDI right lateral n (56:56:53:48) 5.41 (5.04, 5.78) 6.11 (5.83, 6.38)* 5.84 (5.54, 6.15) 9.49 (9.04, 9.93)**
Values are given as mean (95% CI). MAPSE; mitral annulus plane systolic excursion, TAPSE; tricuspid annulus plane systolic excursion, cTDI; colour tissue Doppler imaging. Repeated
measures ANOVA with post hoc Bonferroni correction. Signiﬁcant differences from previous examinations, *p = 0.024, **p b 0.001. n = number of participants each day (Day 1: Day 2:
Day 3: Expected term).
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negative effect of the high HR at expected term only for the left lateral
cTDI (p = 0.034), and borderline signiﬁcance for the septal and right
cTDI and TAPSE (0.05 b p b 0.10).
Repeatability measurements are shown in Table 6. The left lateral
measurements had the highest variability while the right lateral mea-
surements and LVEDL had fairly low variability both in intra-and
interobserver calculations. The intraobserver variability was lower than
the interobserver variability.
4. Discussion
This study is the ﬁrst to serially assess the left and right long axis
ventricular function by two methods of atrioventricular annulus excur-
sion in moderately preterm infants without additional pathology.
TAPSE, and to a lesser extentMAPSE, have been studied earlier in the in-
fant population in cross-sectional studies [10,12,13,18], but atrioven-
tricular annulus excursion by cTDI has not been studied in premature
infants previously.
All parameters of ventricular function displayed the same longitudinal
pattern through theﬁrst three dayswithmoderately increased values be-
tween days 1 and 2 and slightly decreased values between days 2 and 3.
This consistency is likely to reﬂect physiological changes during the ﬁrst
three days of life, but our data cannot support these ﬁndings. A similar
pattern for the ﬁrst three days of life was shown for atrioventricular
pwTDI velocities in this same study population [8] and for peak systolic
strain and strain rate in healthy term infants [19]. This suggests that the
variations observed during the ﬁrst three days should probably be
regarded as a true physiological phenomenon, but our present echocar-
diographicmethodsmaynot be sensitive enough to detect signiﬁcant dif-
ferences through the ﬁrst three days even if they exist. However, our
results suggest that a fairly stable haemodynamic status with respect to
ventricular function has occurred already at a few hours of age. Our re-
sults also conﬁrm the ﬁndings in earlier cross sectional studies of TAPSE
in the same age group [13] and ﬁts well into the pattern of TAPSE and
MAPSE found in older infants and children [10,12]. nCPAP had only
small to moderate negative effect on septal cTDI and left lateral MAPSETable 5
Atrioventricular excursions normalized by left ventricular end diastolic length.
Parameter Day 1 Day 2
Normalized m-mode excursions
MAPSE left lateral/LVEDL 0.16 (0.151, 0.164) 0.16 (0.15
MAPSE septum/LVEDL 0.13 (0.123, 0.140) 0.13 (0.12
TAPSE/LVEDL 0.24 (0.224, 0.250) 0.25 (0.23
Normalized cTDI excursions
cTDI left lateral/LVEDL 0.10 (0.092, 0.111) 0.11 (0.09
cTDI septum/LVEDL 0.12 (0.115, 0.131) 0.13 (0.12
cTDI right lateral/LVEDL 0.19 (0.179, 0.207) 0.22 (0.20
Values are given as mean (95% CI). MAPSE; mitral annulus peak systolic excursion, TAPSE; tric
colour tissue Doppler imaging. Repeated measures ANOVA with post hoc Bonferroni correctionat day 1 and the effect of CPAP is therefore regarded as small and incon-
sistent. A PFO with a left to right shunt could theoretically inﬂuence the
right sided atrioventricular excursions but the regression analysis failed
to prove this. This might support that the volume of shunted blood on
the atrial–septal level was small. The slightly more pronounced increase
in the right-sided results at expected term can be explained by the phys-
iological decrease of the pulmonary pressure after birth and by gradual
maturational changes from the right sided ventricular dominance in
utero to the left sided ventricular dominance postnatally. This is in
keeping with the earlier ﬁndings of reduced TAPSE in children with
pulmonary hypertension [20].
It is known that the magnitude of atrioventricular descent is posi-
tively correlated to variables such as weight, age and body surface
area [10,13,21]. At expected term, which for the infants in our study
was ﬁve to ten weeks after birth, there was a pronounced increase in
all parameters of atrioventricular systolic excursion and in heart size.
Especially in the infant and paediatric population growth has to be
taken into account when evaluating echocardiographic parameters.
Normalization by heart sizemight be a good substitute for normalization
by body surface area since infants can be growth restricted and body
length is frequently inaccurate or not measured. When normalizing our
results for LVEDL the increase from the ﬁrst three days to expected
term was less pronounced, suggesting that the increase in part was
related to growth (Table 5). Between the ﬁrst three and the last exam-
ination at expected term there was an increase in HR. This is probably
because of more frequent crying during the examination at expected
term where the infants were brought to the hospital instead of being
examined in the incubator. HR reﬂects sympathetic tone and can
contribute to increased cardiac functional parameters. Indeed, a strong
negative correlation between TAPSE andHRhas been shown in children
[21]. We found only week signiﬁcant negative correlations at term for
some of the measurements.
In the absence of congenital cardiac and coronarymalformations, in-
trinsic and external factors are likely to affect the myocardium globally
in this age group. Assessment of global rather than regional ventricular
function may be the most appropriate approach in infants with normal
cardiac anatomy. The assessment of global ventricular function can beDay 3 Expected term
1, 0.170) 0.15 (0.146, 0.163) 0.19 (0.179, 0.196)**
6, 0.140) 0.13 (0.119, 0.132) 0.14 (0.137, 0.150)*
8, 0.265) 0.24 (0.225, 0.250) 0.31 (0.294, 0.321)**
5, 0.117) 0.09 (0.089, 0.102) 0.15 (0.144, 0.159)**
4, 0.141) 0.13 (0.120, 0.133) 0.16 (0.154, 0.174)**
3, 0.227) 0.21 (0.193, 0.219) 0.26 (0.251, 0.274)**
uspid annulus plane systolic excursion, LVEDL; left ventricular end diastolic length, cTDI;
. Signiﬁcant differences from previous examinations, *p = 0.001, **p b 0.001.
Table 6
Intra- and interobserver measurements.
Wall
Intraobserver Interobserver
Variability (%) COR (mm) Variability (%) COR (mm)
MAPSE left lateral 9.8 1.27 10.8 1.21
MAPSE septal 6.5 0.65 8.6 0.49⁎⁎⁎
TAPSE 5.5 0.93 9.8 1.66⁎
LVEDL 1.5 0.10⁎ 5.5 0.36⁎
cTDI left lateral 8.7 0.66 18.0 1.66
cTDI septal 4.9 0.56 8.9 0.89
cTDI right lateral 3.5 0.56⁎ 7.9 1.14
COR, coefﬁcient of repeatability; MAPSE, mitral annulus plane systolic excursion; TAPSE,
tricuspid annular plane systolic excursion; LVEDL, left ventricular end diastolic length;
cTDI, colour tissue Doppler imaging.
⁎ Systematic difference signiﬁcant with p b 0.05.
⁎⁎⁎ Systematic difference signiﬁcant with p b 0.001.
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cardial function, for example sepsis and perinatal asphyxia. The repeat-
ability of MAPSE, TAPSE and cTDI measurements was generally good
andwas at the same level as found in our previous study of pwTDI atrio-
ventricular velocities in the same population [8] and this strengthens
the reliability of the measurements. cTDI measurements seemed to be
more dependent on image quality and lower intraobserver variability
as opposed to interobserver variability for both methods suggests that
repeated examinations preferably should be done by the same observer.
To date, limited data on cTDI in infants are available and cTDI requires
more time for post-processing compared to both grey-scale excursions
and pwTDI. The advantage of MAPSE and TAPSE indices is that they are
simple to perform as well as being reproducible, even in images without
optimal quality. Thismakes themsuitable parameters in non-cooperative
and vulnerable infants where prolonged examination may be disturbing.
4.1. Limitations
There are technical differences in the two methods of measuring
atrioventricular annulus excursion. MAPSE and TAPSE are m-mode
analyses of the peak systolic annulus excursion. In cTDI, a region of in-
terest (ROI) is deﬁned. Within this ROI, several pixels give rise to a
mean motion within the region. This means that with the presence of
stationary reverberations within the ROI, the resultant displacement
will be lower. In case of low image quality, cTDI measurements will
thereby be more affected than m-mode measurements in grey-scale
echocardiography. Indeed, the difference in left lateral annulus descent
measured by the two methods is substantial, and the image quality in
the left lateral wall was generally inferior to the other two walls. An ad-
ditional explanation for this difference can be that the impact of angle
deviation is different in m-mode than in cTDI. Angle deviation will in-
crease m-mode measurements, and decrease Doppler measurements.
In general, angle deviation is higher in lateral than septal recordings.
This may explain why the results in lateral left and right annulusmove-
ment are lower in cTDI-mode than inm-mode. Septal measurements in
a four-chamber view will not be inﬂuenced by angle error and here the
results aremore similar by the twomethods of assessing annulus excur-
sion. Another possible limitation to the methods is that MAPSE, TAPSE
and cTDI may be dependent on loading conditions [11].
5. Conclusion
Repeatedmeasures of mitral and tricuspid annulus excursion in pre-
mature infants by grey scale m-mode and cTDI echocardiography were
feasible with acceptable repeatability. Atrioventricular annulus plane
excursion is useful as an easily available method to evaluate the
biventricular function, also for repeated examinations. MAPSE, TAPSE
and cTDI measurements correlatedwith the number of weeks gestation
and all measurements showed the same longitudinal pattern with apronounced increase from the ﬁrst three days to expected term. cTDI
annulus excursions were lower and more dependent on image quality
than excursions by grey-scale m-mode. Lower intraobserver variability
suggests that repeated measurements should preferably be performed
by the same observer. Atrioventricular annulus excursion varies with
ventricular size and we suggest normalizing excursion measurements
by heart size.
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